Despite evidence suggesting race and ethnicity are important factors in responses to environmental exposures, drug therapies, and disease risk, few studies focus on the health needs of racially-and ethnically-diverse aging adults.
Introduction
Federal mandates of biomedical research in the United States have prioritized the inclusion of racially-and ethnically-diverse populations; yet, approximately 6% of participants in federally funded clinical trials are Black or Hispanic. [1, 2] Despite evidence suggesting race and ethnicity are important factors in responses to environmental exposures, drug therapies, and disease risk, few studies focus on minority health needs. [3] This has, in turn, contributed to race-and ethnicity-related differences in survival and healthy life expectancy in the United States. [4, 5] As adults are living longer with diseases and disabilities, a large proportion of healthcare expenses come from persons with such health conditions. [6] For example, approximately 86% of older adults in the United States are living with at least one health condition, and certain races and ethnicities are living with more conditions than others. [7] The increased risk for morbidity seen in racially-and ethnically-diverse aging adults, specifically Blacks and Hispanics, is often attributed to differences in socioeconomic status and lack of adequate healthcare accessibility for these populations. [8] Disability-adjusted life years (DALYs) are used worldwide as a measure of population health to separately evaluate the burden of non-fatal and fatal health outcomes. [9] The burden of various diseases, disabilities, and injuries are monitored over time and compared across populations. For example, ischemic heart disease contributes to the greatest number of DALYs in the United States; whereas, diabetes contributes to the greatest number of DALYs in Mexico. [10] Although this time-based metric quantifies the burden of a health condition in a population and compares it to an ideal population that reaches full healthy life expectancy, the burden of many health conditions has yet to be quantified for a nationally-representative sample of middle-aged and older adults in the United States.
Assessments of DALYs provides insights regarding the burden of health conditions across growing, racially-and ethnicallydiverse aging populations. [11] Understanding this information will help to inform the allocation of health-related expenditures, interventions aiming to improve health in aging adults, strategies for a more inclusive healthcare system, and healthcare providers working directly with these populations. Therefore, the purpose of this study was to determine the burden of 10 health conditions across race and ethnicity for a nationally-representative sample of aging Americans.
Methods

Participants
Data from 37,495 participants in the 1998 to 2014 waves of the Health and Retirement Study (HRS) who identified as Black, Hispanic, or White were used for this secondary analysis. Cleaned and standardized RAND HRS data were merged with other individual data files from the HRS. The HRS is a longitudinal-panel study that aims to understand shifts in the health status of aging adults and observe economic circumstances associated with aging at individual-and population-levels. [12] Since 1992, HRS participants have been re-interviewed biennially. Beginning in 1998, the HRS has provided data for a nationally-representative sample of adults aged over 50 years, including surveys from approximately 23,000 households. Participants from the HRS are followed longitudinally until death and new cohorts of participants have been added to the original sample to maintain a national representation of the survey over time. The HRS uses a multi-stage probability design, including geographical stratification and oversampling of certain demographics groups (Blacks and Hispanics). Sample weights are provided by the HRS to account for the multi-stage, area probability design. More details for the HRS are described elsewhere. [13] Exclusions occurred for missing sex or race (n = 134), no participation in the 1998 to 2014 waves (n = 3,986), missing, other, or non-Hispanic ethnicity (n = 992), and entry age <50 years (n = 2,282). Written informed consent was obtained from all participants in the HRS prior to entering the study. Protocols were approved by the University of Michigan Behavioral Sciences Committee Institutional Review Board (HUM00061128 approved through October 18, 2018) . [14] Data from the HRS contain no direct identifiers, thereby ensuring participant anonymity. All data used in this investigation were publicly available. [15] 2.2. Measures 2.2.1. Health conditions. At each wave, interviewers asked participants questions related to their physical health. Participants self-reported physician diagnoses for the following conditions: cancer, chronic obstructive pulmonary disease (COPD), congestive heart failure, diabetes or high blood sugar, back pain, high blood pressure or hypertension, a fractured hip, a heart attack or myocardial infarction, rheumatism or arthritis, and stroke. The wave a health condition was first reported by participants was considered a proxy for the date of diagnosis. These health conditions were selected by the investigators because they were identified as having a corresponding disability weight from the Global Burden of Disease, which is required for calculating DALYs. [16, 17] 2.2.2. Mortality. Date of death was observed through linkage to the National Death Index. Exit interviews were performed with a surviving spouse, child, or other informant to collect information about medical expenditures, family interactions, outlook of assets after death, and other circumstances that may have occurred toward the end of life. Mortality validation for the HRS has demonstrated that the National Death Index and postmortem interviews capture 99% of participant deaths. [18] 
Statistical analysis
Descriptive information was reported as mean±standard deviation for continuous variables and frequency (proportion) for categorical variables. Guidelines from the World Health Organization were used for determining DALYs. [19] Participants were first stratified by race and ethnicity, then within each race and ethnicity, participants were stratified into age categories (50-59 years, 60-69 years, 70-79 years, ≥80 years). The age at which a health condition occurred determined the age categories for participants.
Years lost due to disease/disability (YLD) were calculated by taking the product of the number of incident cases for each health condition, corresponding disability weight, and mean duration of years lived with the condition until death, or truncation. For participants who were still living or lost to follow-up (i.e., truncation), the mean duration of years lived with the condition was determined using their estimated life expectancy at age of truncation. [20] Disability weights for each condition were from the Global Burden of Disease (back pain = 0.020, cancer = 0.288, COPD = 0.019, congestive heart failure = 0.201, diabetes = 0.015, fractured hip = 0.058, hypertension = 0.246, myocardial infarction = 0.439, rheumatism or arthritis = 0.199, stroke = 0.266). [16, 17] For each race and ethnicity, the YLDs were summed across age categories to determine total YLDs.
Years of life lost (YLL) were calculated by multiplying the number of deaths that occurred by the mean life expectancy at age of death in years. Life expectancy for males and females at each age was determined from the Period Life Table. [21] The YLLs were summed across age categories to determine total YLLs for each race and ethnicity. For each race and ethnicity, YLDs and YLLs were summed across age categories to determine DALYs, then the total DALYs for each age category were summed to determine the overall DALYs for each condition. The overall number of DALYs for each health condition were sorted from largest-tosmallest and ranked for each race and ethnicity in order to compare DALY estimates across ethnicities. Sample weights were utilized in the analyses to allow DALY comparisons across race and ethnicity at the population-representative level. The YLLs, YLDs, and DALYs are reported in thousands. All analyses were performed with SAS 9.4 software (SAS Institute; Cary, NC).
Results
The non-weighted and weighted descriptive characteristics of the participants are presented in Table 1 . There were 5510 Blacks (weighted sample = 13,169,445), 3423 Hispanics (weighted sample = 10,045,723), and 21,168 Whites (weighted sample = 91,395,572) that were included. Black, Hispanic, and White participants entered the study at 61.2 ± 9.9, 60.1 ± 9.0, and 64.4 ± 10.8 years of age, respectively. During the study, there were 1722 (31.2%) Black, 752 (21.9%) Hispanic, and 8030 (37.9%) White participants that died. Table 2 provides person-level DALY estimates and 95% confidence intervals for each health outcome. Figure 1 presents the burden of each health condition for Blacks. Weighted DALY estimates were 1405 for hip fractures, 7660 for myocardial infarction, 8970 for congestive heart failure, 9307 for COPD, 13,834 for cancer, 15,286 for stroke, 20,391 for diabetes, 24,740 for back pain, 41,397 for arthritis, and 55,631 for hypertension. Collectively, there were an estimated 158,889 YLLs, 39,735 YLDs, and 198,621 DALYs for the 10 health conditions in Blacks.
The burden of each health condition for Hispanics is displayed in Figure 2 . Weighted DALY estimates were 931 for hip fractures, 3722 for congestive heart failure, 4121 for COPD, 5235 for myocardial infarction, 6103 for stroke, 7336 for cancer, 11,703 for diabetes, 12,132 for back pain, 21,737 for arthritis, and 28,442 for hypertension. In total, there were an estimated 74,644
YLLs, 23,099 YLDs, and 101,462 DALYs for the 10 health conditions in Hispanics. Figure 3 depicts the burden of each health condition for Whites. Weighted DALY estimates were 15,313 for hip fractures, 49,852 for congestive heart failure, 51,813 for myocardial infarction, 72,582 for stroke, 76,624 for COPD, 85,023 for diabetes, 120,958 for cancer, 149,149 for back pain, 270,788 for arthritis, and 295,623 for hypertension. There were an estimated 903,201 YLLs, 285,319 YLDs, and 1,187,725 DALYs for the 10 health conditions in Whites. Detailed information for the burden of each health condition stratified by race and ethnicity is in Table 3 .
The total weighted DALY estimates for each health condition are presented and ranked by race and ethnicity in Figure 4 . Across race and ethnicity, hypertension, rheumatism or arthritis, and back pain had the first, second, and third highest DALY ranks, respectively. The DALY ranks for stroke and congestive heart failure was higher in Blacks, than Hispanics and Whites. Myocardial infarction resulted in a higher DALY rank for Hispanics, than Blacks and Whites. The DALY ranks for cancer and COPD was higher in Whites, than in Blacks and Hispanics. DALY ranks were equal for diabetes in Blacks and Hispanics, but lower in Whites. Across races and ethnicities, hip fractures had the lowest DALY rank. Table 4 shows the percent contribution of each health condition to the collective estimated DALY total for Blacks, Hispanics, and Whites.
Discussion
The principal results of this investigation suggest that the estimated burden of certain health conditions impacted aging Blacks, Hispanics, and Whites differently. While hypertension, arthritis, back pain, and hip fractures had the same DALY ranks for each race and ethnicity, the DALY ranks for diabetes, stroke, cancer, COPD, congestive heart failure, and myocardial infarction varied across older Blacks, Hispanics, and Whites. For example, of the 10 health conditions examined, the burden of stroke was fifth highest for Blacks, sixth highest for Hispanics, and seventh highest for Whites. These results can be used to guide the distribution of health-related provisions, screening efforts and targeted interventions designed to improve health, and approaches to making health care more inclusive for raciallyand ethnically-diverse aging adults. Table 1 Non-weighted and weighted descriptive characteristics of the participants. Hypertension has been ranked as the single leading risk factor for the Global Burden of Disease. [22] The overall increase in poor lifestyle behaviors such as high sedentary time and calorically dense diets has influenced the elevated worldwide prevalence of hypertension. [23] These results align with our investigation which indicated the estimated burden of hypertension was highest across race and ethnicity. Rheumatism and arthritis are also highly prevalent health conditions in the United States. Approximately 50% of aging adults have been diagnosed with rheumatism or arthritis, and the prevalence of rheumatism and arthritis varies across race and ethnicity. [24] Most people with rheumatism or arthritis also have another chronic disease, [24] thereby contributing to why these individuals are at greater risk for all-cause mortality compared to the general population. [25] These factors may explain why our results were compatible with the results of another investigation suggesting the burden of rheumatoid arthritis manifests with significant health consequences. [26] Similarly, our results indicate that back pain had the third highest DALY rank across race and ethnicity. Another similar investigation revealed the burden of back pain was high in the United States for the year 2010, likely because back pain is prevalent in the growing aging population. [27] Considering the high numbers of middle-aged and older adults with hypertension, rheumatism, arthritis, or back pain, preventing and treating these conditions should be a public health priority.
Blacks
Diabetes is a chronic disease that represents a profound economic burden on the United States healthcare system, and is more prevalent in minority populations compared to Whites. [28] For example, the risk of diabetes is 77% higher in Blacks and 66% higher in Hispanics compared to Whites; moreover, Blacks and Hispanics are 2.3 and 1.5 times more likely to die from complications of diabetes than Whites, respectively. [28] This may explain why our findings suggest that the burden of diabetes was greater in Blacks and Hispanics than in Whites. Murray et al [27] determined the overall burden of diabetes in 2010 was 2,557 DALYs (in thousands), further demonstrating the negative impact diabetes has on health in the United States.
Likewise, stroke risk is higher for Blacks and Hispanics compared to Whites. [29] Particularly, the burden of disease from stroke and higher stroke-related mortality is greatest in Blacks. [30] These results are supported by the results of the present investigation, wherein stroke had the highest DALY ranking among Blacks. Similar to stroke risk, the risk of developing congestive heart failure is higher in Blacks compared to Whites. [31] This may also explain why our results indicated the burden of congestive heart failure had a higher DALY rank in Blacks than in Hispanics and Whites.
The results of this investigation also showed that the DALY rank for cancer was highest in Whites compared to Blacks and Hispanics. These results are inconsistent with other previous research that revealed Black men and White women may have the highest incidence rates for cancer, and Blacks have the highest mortality rate from cancer. [32] However, it is possible that most White participants who reported having cancer may have had Melanoma, as Whites have substantially higher Melanoma incidence and mortality rates. [33] The age-adjusted prevalence for COPD in the United States is higher in Whites compared to Blacks and Hispanics, and COPD deaths are greatest in Whites than other races and ethnicities. [34, 35] Although progress in COPD prevention has been made [34] COPD remains a leading cause of death. [35] Our results support these findings by suggesting nonfatal health loss and premature mortality from COPD ranked highest in Whites than in Blacks and Hispanics.
The "Hispanic Paradox" posits that persons with a Hispanic ethnicity have lower levels of cardiovascular disease despite having more risk factors compared to Whites. [36] Our results show the DALY rank of myocardial infarction was higher in Hispanics compared to Blacks and Whites. This may suggest that myocardial infarctions are a more impactful health condition for Hispanics as they age. While hip fractures are common in older adults, other investigations have determined hip fracture incidence and mortality rates have declined in the United States. [37, 38] Hip fracture cases and related deaths were lowest in our investigation compared to the other health conditions examined, which explains why the DALY ranking for hip fractures was also lowest across all race and ethnicity. A similar investigation revealed there were 5964 healthy years of life lost from hip fractures in a sample of 223,880 older adults that were followed for approximately 13 years. [39] Although the DALY ranks in this investigation were lowest for hip fractures across race and ethnicity, hip fractures remains a primary etiology of poor function and quality of life. [40] Indeed, our DALY estimates revealed that the burden of some health conditions impacted each race and ethnicity differently. These findings suggest that healthcare providers and interventions should consider the role of race and ethnicity for health. For example, continuing to develop programs that reduce racial and ethnic disparities in healthcare access and insurance coverage may help to provide more inclusive and quality healthcare. [41] Our findings suggest that hypertension accounted for the largest amount of DALYs for each race and ethnicity. Interventions aiming to prevent and improve health outcomes such as hypertension in at risk populations should include community engagement and culturally responsive strategies for behavior change initiation and adherence. [42] Continuing to work toward more inclusive healthcare may reduce future DALY estimates. Some limitations should be noted. The HRS provides a rich amount of health data for aging Americans. Although some have provided evidence for the concordance between selfreport measures of morbidity and claim-based administrative data, [43] the extent of the reliability and validity for each selfreported health condition item in this study is unknown. [44, 45] While the use of an incidence-based YLD calculation allowed us to evaluate how the burden of each health condition longitudinally, we were unable to control for multimorbidity in our disability weights. The authors did not exclude participants for having a cognitive impairment because the presence of these health conditions would not have changed if reported by a proxy. Being that health conditions were selfreported by participants at each wave, it is possible that our results were underestimated from recall biases. Adults over 50 years of age were included; therefore, some participants may have had health conditions at younger ages prior to entering the study, thereby causing DALYs to be underestimated. Moreover, those who were lost from follow-up or died may have had a health condition that was not reported before the event, thereby generating underestimations for our results. It is possible that participants may have disputed their records for having a diagnosis or were no longer living with a health condition after initial diagnosis. We were also unable to specify certain health conditions (e.g., cancer). Statistical tests of inference were not used for making comparisons between DALY estimates because DALYs are often presented as a stand-alone statistic. As such, other important factors that may have helped to explain the DALY estimates such as socioeconomic status could not be taken into account. Future research should continue monitoring DALYs, including the use of the prevalence-based DALY calculation so that temporal trends can be observed.
Conclusions
The burden of 10 health conditions accounted for millions of healthy years of life lost for Black, Hispanic, and White aging Americans. Some health conditions impacted each race and ethnic groups differently, while others remained consistent. Trends in DALYs should continue to be monitored in middleaged and older adults so that healthcare resources are prioritized to match such trends, and for gauging the efficacy of interventions aiming to prevent and treat health conditions. This will help the efficiency of health-related expenditures, improve the impact of health interventions, advance inclusive health care for the growing aging adult population, and prepare healthcare providers for serving the health needs of aging adults. 
